Introduction: This report describes 13 cases of fatal haemorrhagic enteritis in newborn calves.
Clostridium perfringens is a spore-forming bacterium, and is divided into five types (A-E), based on the major toxins produced (Songer, 1996) . Type A strains are predominantly isolated from calves with clostridial problems, such as haemorrhagic abomasitis in newborn calves and haemorrhagic enteritis in older calves (Roeder et al., 1988; Songer & Miskimins, 2005; Miyashiro et al., 2009; Valgaeren et al., 2013b) . In these older calves, recent experimental studies have suggested that a-toxin and perfringolysin are the primary toxins in the development of haemorrhagic intestinal lesions (Verherstraeten et al., 2013) . Although C. perfringens is an anaerobic bacterium, spores survive in the presence of oxygen, explaining its ubiquitous presence in the environment and in faeces (Songer, 1996 (Songer, , 2006 Van Kruiningen et al., 2009) . Only one author has suggested a link between clostridial abomasal disease and insufficient hygiene of colostrum and feeding utensils; however, the presence of C. perfringens strains on these potential carriers has not yet been provided (Songer, 2006) . This case report describes colostral contamination by the presence of C. perfringens in colostrum administration utensils.
Case report
Over 4 years, 13 cases of haemorrhagic enteritis in newborn calves were observed on six farms (Table 1) . One case only occurred on a dairy farm in a Holstein Friesian (HF) calf, while multiple cases occurred within a 3-week period on four of the five Belgian Blue (BB) farms. Clinical signs started 4-24 h after birth and consisted of anorexia, colic, shock, severe acidosis, apathy, pale mucosae, swollen abdomen, and melena or absence of faeces. Some calves were hypothermic, while others had fever (range 35.4-39.8 uC) . All calves died within 3-30 h after onset of signs, despite treatment with penicillin in several cases. A glutaraldehyde coagulation test (Beetson et al., 1985) was performed on sera of six calves from four different farms and revealed insufficient immunoglobulin levels (v6 g l
21
) in all of them. Necropsy, performed on 10 of the 13 calves, revealed small intestinal haemorrhagic enteritis. In four cases, abomasitis was also present, and three other cases had haemorrhagic typhlocolitis. Histology confirmed necrohaemorrhagic enteritis, similar to the lesions seen in enterotoxaemia cases in older calves (Valgaeren et al., 2013a) (Fig. 1) . In one calf, histology revealed gas bubbles in the submucosa and lamina propria of the mucosa, as well as thrombi in the blood vessels of the submucosa. In seven calves, intestinal content was sampled between 10 min and 24 h after death. An overgrowth of C. perfringens (w10 8 c.f.u. g 21 ) was consistently present on Columbia agar (Oxoid) supplemented with 5 % defibrinated sheep blood. On four farms, all calves had received 2-4 l colostrum by stomach tube immediately after birth. In the other farms, calves were bucket-fed 2 l fresh colostrum from their dam immediately after birth. None of the farmers disinfected the tube or bucket teats between calves. On several farms, teats and stomach tubes were visibly contaminated with milk residues. On farms 2, 3 and 6, swabs were taken from the stomach tubes and on farm 4, swabs were taken from the bucket teat. C. perfringens was isolated from the feeding utensils on three out of the four farms. Forty-three strains from the abomasal and intestinal contents of seven calves on six farms and 12 strains from the tubes and teats were typed by multiplex PCR (Gholamiandekhordi et al., 2006) and were identified as type A C. perfringens. Only two strains from the intestinal content of one calf were positive for the b2-toxin gene. Randomly amplified polymorphic DNA analysis (LeflonGuibout et al., 1997) showed that the investigated isolates were all different strains. Apart from the tubes and teats, two colostrum samples were tested from farm 4, of which one was negative and the other was positive for C. perfringens. Herdsmen were advised to replace the stomach tubes and bucket teats, to clean and disinfect with 3 % hydrogen peroxide between calves, and to avoid contamination of colostrum during collection and storage (in a refrigerator). No new cases occurred on any of the six farms after the implementation of these precautions.
Discussion
This report demonstrated that C. perfringens strains can be detected in colostrum and utensils used for colostrum delivery. Ingested clostridial spores can become vegetative in the abomasum and intestine. The high abomasal pH and the lack of a competitive microbiota can lead to clostridial overgrowth and toxin production (Songer, 2006; Lukás et al., 2007) . Colostrum has a trypsin-inhibitory activity, which can protect both a-toxin and perfringolysin Fig. 1 . Small intestine of a case of haemorrhagic enterotyphlocolitis (case 4). Haematoxylin and eosin staining. In the luminal half of the mucosa, there is necrosis, infiltration with neutrophils, hyperaemia and haemorrhage.
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against enzymic degradation, possibly facilitating the development of haemorrhagic intestinal lesions (Quigley et al., 1995; Uzal et al., 2010; Diab et al., 2012) . From the 43 strains isolated from the abomasal and intestinal content of the calves, only two were positive for atypical b2-toxin, and none was positive for consensus b2-toxin. Consensus b2-toxin has been suggested as to make an important contribution to haemorrhagic enteritis in older calves (Lebrun et al., 2007) . However, recent studies have shown that any C. perfringens strain can induce necrohaemorrhagic lesions in calves and that a-toxin and perfringolysin are probably the predominant virulence factors (Valgaeren et al., 2013a; Verherstraeten et al., 2013) . Thus, similar to the situation in older calves, b2-toxin does not seem to be of importance in neonatal haemorrhagic enteritis. There are comparable numbers of BB and HF calves in Belgium. However, only one case was seen in a HF calf, in contrast to the 12 cases seen in BB calves. On the BB farms, multiple cases occurred in a short period of time, while the HF case was solitary. This suggests that BB calves are predisposed to haemorrhagic enteritis, as has already been confirmed in the veal industry (Pardon et al., 2012) . The reasons for this predilection are not clear, and might be genetic, management related, feed related or some combination of these. The IgG content of the delivered colostrum was not known. Normally in BB calves, 2 l colostrum from their dams should be sufficient to provide 200 g immunoglobulins, but the five examined calves were hypogammaglobulinaemic (Hoflack et al., 2004) . It is possible that the disease described here decreased absorption. The problem was completely resolved after replacement and systematic cleaning and disinfection (e.g. using hydrogen peroxide) of the tubes and teats used for colostrum feeding (Venczel et al., 1997) . The present observations suggest that the uptake of C. perfringens from the use of contaminated teats or tubes is a cause of abomasitis and haemorrhagic enteritis. The strains isolated from the feeding utensils were not identical to those isolated from the intestines of diseased calves. The required number of strains that should be examined in order to be 95 % confident that all strains present have been covered is not known. Possibly, and probably, too few strains were tested. Further work is necessary to elaborate the means of transfer of clostridial strains to neonates.
In conclusion, the present report demonstrated C. perfringens in colostrum and utensils used for colostrum delivery, suggesting a possible source of infection for neonatal haemorrhagic enteritis. More work on a larger number of strains isolated from the intestines of cases and from colostrum delivery devices is necessary to definitively confirm the current observations. Experimental infection of newborn calves through administration of C. perfringens-contaminated colostrum is necessary to definitively confirm this route of infection. Based on the observations in these cases, to avoid haemorrhagic enteritis in newborns, we suggest that attention should be paid to hygienic administration of colostrum and proper disinfection of colostrum tubes and teats.
